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ABSTRACT 
Analysis of Airborne Methicillin-Resistant Staphylococcus aureus and Gram Positive Coagulase 
Negative Staphylococcus species. in Homes and Concurrent Nasal Carriage  
Karen Michael 
Faculty CBMP Chair: Hernando Perez, Ph.D., MPH 
 
 
Antibiotic resistance has been a concern in the treatment of infectious disease since the 
introduction of antibiotics.  Strains of methicillin-resistant staphylococcus bacteria were reported 
within a year of methicillin’s introduction.  By the 1980s these infections were becoming 
resistant to multiple antibiotics traditionally used in their treatment.  Staphylococcus aureus and 
Coagulase Negative Staphylococcus species with methicillin resistance are increasingly being 
seen in hospitals and even in some communities. The role of airborne antibiotic resistant bacteria 
in human colonization and infection is unclear.  The purpose of this research was to both identify 
and summarize existing research on this topic, and evaluate the air of residential environments 
for the presence of antibiotic resistant bacteria.  Additionally, housing and resident 
characteristics were evaluated to identify any trends that may exist between these characteristics 
and airborne bacteria.  This Community Based Master's Project is presented in two chapters.  
The first chapter is a systematic review of the peer reviewed literature on airborne methicillin 
resistant Staphylococcus aureus. The second is chapter describes research in which air samples, 
nasal swabs and a brief medical and behavioral questionnaire were used to analyze the amount of 
airborne methicillin-resistant Staphylococcus species present.  It was determined that a 
significant number of Staphylococcus species with methicillin resistance are present in 
Philadelphia, PA area homes.  This finding suggests that residential air may be a source of not 
only multiple Staphylococcus species, but Staphylococcus species with antibiotic resistance.  
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CHAPTER I 
 
A Systematic Review of the Peer Reviewed Literature Addressing Airborne Methicillin Resistant 
Staphylococcus aureus (MRSA) 
 
Abstract 
When designing methods to address the spread of Methicillin-resistant S. aureus (MRSA) it is 
important to take into account all potential methods of transmission.  Physical transmission from 
one person to another is a relatively well studied phenomenon, especially in healthcare 
environments.  There is evidence of aerosolized organisms having a role in colonization and 
infection; however airborne transmission however has not been as extensively studied.  In order 
to assess the current knowledge of MRSA aerosolization and airborne MRSA transmission this 
review examines 25 studies which included air sampling for MRSA or considered air a reservoir 
for MRSA.  The studies outline evidence and in some cases probable sources for the aerosolized 
MRSA.  Additional work is needed to both more fully understand the extent to which airborne 
transmission has a role in the spread of MRSA and to develop techniques that are effective at 
protecting healthcare workers, patients and members of the community from MRSA colonization 
and infection.   
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SECTION 1: INTRODUCTION 
Staphylococcus aureus is a common bacteria found on skin and in the noses of healthy 
people.  It is estimated that up to 30% of Americans are colonized by S. aureus.  Methicillin-
resistant S. aureus (MRSA) was estimated to colonize roughly 1% of the population (NIOSH, 
2010).  However, there is new evidence that MRSA colonization rates are increasing.  Creech et 
al. cited an increase in MRSA colonization rates from 0.8% in 2001 up to 9.2% 3 years later 
(Creech, Kernodle, Alsentzer, Wilson, & Edwards, 2005).   MRSA remains a significant health 
concern because of its responsibility for so many invasive skin and wound infections.  In 2005, 
MRSA was associated with 94,360 infections and 18,650 deaths (Klevens et al., 2007).   
Antibiotic resistance has been a concern in the treatment of infectious disease since the 
introduction of antibiotics.  Strains of MRSA were reported within a year of methicillin’s 
introduction (2008).  By the 1980s S. aureus infections were becoming resistant to multiple 
antibiotics traditionally used in their treatment.  The use of antibiotics applies selective pressure 
on the infectious bacteria that results in either successful adaptation or evolutionary failure.  In 
the case of S. aureus, penicillins became ineffective when the bacteria developed a resistance to 
β-lactams.  β-lactams are in all penicillins and are used to block the final step in peptidoglycan 
synthesis in bacteria.  Without a way to complete this process, the bacteria cannot complete cell 
wall synthesis and cannot continue reproducing.  Resistance is due to an enzyme in the bacteria 
called β–lactamase.  β-lactamases are what the bacteria use to block the binding of β-lactams 
during cell wall synthesis.  In response to this, β-lactamase inhibitors were added to the 
traditional antibiotic therapies to block β–lactamase actions.  Resistance to methicillin by S. 
aureus was due to the bacteria’s adoption of the mecA gene.  The mecA gene gives the bacteria 
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the ability to block any β-lactams, such as methicillin and its derivatives, from even entering the 
cell (2008).   
To effectively design and implement MRSA control and prevention measures it is 
important to factor in all the likely methods of transmission and identify potential environmental 
reservoirs.  Traditionally the spread of MRSA was thought to occur between colonized, often 
transiently, hospital staff and their patients (Thompson, Cabezudo, & Wenzel, 1982).  Recently 
however, there has been growing evidence that the environment plays a large part in acting as a 
reservoir of MRSA and that airborne transmission should not be overlooked (Sexton, Clarke, 
O'Neill, Dillane, & Humphreys, 2006).   
This review focuses on the evidence of aerosolization of MRSA and airborne 
transmission of MRSA from both humans and inanimate objects.  Both active and passive 
sampling techniques were included in the methods of the reviewed articles.  In some of the 
investigations air sampling was the primary focus of the study, in others it was secondary.     
SECTION 2: METHODS 
 A structured search of titles and/or abstracts containing the terms (methicillin resistant 
staphylococcus aureus OR mrsa) AND (air or airborne) was performed using the pubmed.gov 
search engine in November of 2010.  The two limits used were English-language articles and 
studies involving humans.  No further limits were applied.  The search located 70 papers.  
Exclusion criteria included no mention of air sampling for MRSA or consideration of air as a 
reservoir for MRSA in the methods section (n=42), articles not in English (n=1; abstract in 
English but article was written in Italian), and review articles (n=2).  Twenty five articles were 
identified for this review (Table 1).   
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 Colonization by MRSA is defined as the presence of the organism on or in the body with 
no resulting illness.  De-colonization can be accomplished with antibiotic therapy.  Transient 
colonization is the temporary presence of the organism that does not require antibiotic therapy to 
remove.  An infection is characterized by the presence of the organism with a resulting illness 
(CDC, 2010).   
SECTION 3: RESULTS 
3.1 Studies citing evidence of aerosolization and airborne transmission of MRSA 
Perdelli et al. (2008) performed viable air and surface samples in 4 intensive care units 
(ICU).  A total of 42 air samples and 120 surface samples were performed.  MRSA growth was 
observed on 85.7% of all viable air samples with MRSA detection on 75-100% of all air samples 
in each of the 4 ICUs evaluated.  Surface detection was lower with 41% of the plates showing 
evidence of MRSA and between 10-70% of the surface samples in each of the 4 ICUs containing 
MRSA.  These findings are important in that they suggest that the air may be an important 
reservoir of MRSA resulting from aerosolization (Perdelli et al., 2008).   
Rutala et al. conducted a 10 week study during a MRSA outbreak in a hospital burn unit 
in North Carolina, USA.  The objective was to determine if the physical environment was as 
significant a source of MRSA as the patients in the ward.  Each patient in the burn unit had their 
wounds swabbed and tested for MRSA upon admission and then weekly for the extent of their 
hospitalization.  Viable bioaerosol air samples and surface contact plate samples were collected 
in patient occupied rooms 19 times over the 10 week period.  Control samples were collected in 
unoccupied rooms that had been cleaned and were ready for occupation.  Contact plate samples 
were collected at various locations in the burn unit.  MRSA made up 16% of the all the bacteria 
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observed in the air, 31% of all bacteria observed on settling plates and 40% of the bacteria 
observed on floor samples.  Unoccupied rooms had significantly fewer isolates of MRSA in air 
(0.14/m3) than rooms with non-colonized, uninfected patients (1.41/m3), rooms with colonized 
but uninfected patients (2.12/m3), and rooms with infected patients (67.07/m3).  It was also 
observed that the largest presence of MRSA correlated with the patient on the ward with the 
largest burn area on his body.  Investigators concluded that strict hand hygiene and isolation of 
MRSA patients in negative pressure rooms would decrease the amount of MRSA that patients 
would spread into the environment (Rutala, Katz, Sherertz, & Sarubbi, 1983).   
 Dansby et al. evaluated the extent to which airborne transmission was responsible for a 
MRSA outbreak at a hospital burn ward in North Carolina, USA in 2000.  They began by 
culturing every patient in the Burn ward for the presence of MRSA in burn wounds, injury sites, 
nasal vestibules and axillea upon admission with rescreening occurring every 72 hours.  Hospital 
staff (n=222) were also sampled, with five (2.3%) of them testing positive for nasal MRSA 
carriage.  These five staff members were treated with antibiotics and returned to work when it 
was determined that they were no longer colonized.  Viable bioaerosol sampling was performed 
in patient rooms, in hallways and on each side of the ward nurses’ station.  A total of 105 air 
samples were taken.  All of the control room samples (n=70), which consisted of rooms on 
different wards or rooms of burn patients who did not have MRSA, were negative for MRSA.  
The study rooms, containing patients with MRSA, showed 11 out of 35 samples positive for 
MRSA.  Upon renovation of the burn ward with larger, private rooms, more air exchanges per 
hour, keeping doors closed and keeping cross ventilation between rooms to a minimum MRSA 
cases went from 22% in the period between 1996 and 2001 down to 3.4% in 2003-2006.  Based 
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on the reduction in MRSA rates following these modifications it was concluded that the outbreak 
was likely a result of airborne transmission (Dansby et al., 2008). 
 Crossley et al. also observed that airborne transmission may have “perpetuated” an 
outbreak of MRSA on a burn ward.  In 1977, 201 burn-ward patients tested positive for MRSA, a 
significant increase over the one patient testing positive in 1975.  All but 45 were inpatients on 
the burn unit.  Staff members who worked 4 or more hours with MRSA positive patients (n=74) 
and staff members who did not have significant contact with MRSA patients (n=334) were 
cultured monthly during the investigation, 8 of 21 nurses on the burn unit’s hands tested positive 
for MRSA.  Physical isolation of patients with MRSA proved to not be successful in halting the 
outbreak.  The authors believe that the outbreak was spread from transient hand colonization of 
staff and that airborne spread played a part in prolonging the outbreak (Crossley, Landesman, & 
Zaske, 1979).   
Kluytmans et al. observed what may have been one of the first published incidence of a 
food borne MRSA epidemic on a hematology ward in the Netherlands.  Surveillance samples 
were taken from patients’ nares, throat, peri- rectal areas, skin lesions and catheter insertion sites.  
Healthcare worker screening included swabs from nares and skin lesions if present.  During the 
outbreak a total of 27 patients, 14 hospital staff and multiple environmental cultures tested 
positive for MRSA.  The results of the air settling plate samples collected from MRSA positive 
patient rooms during the outbreak were compared to samples collected from the rooms of 20 
MRSA positive patients brought in from other hospitals prior to the outbreak.  The researchers 
observed a significantly higher MRSA burden in the air of the rooms of the hematology ward 
patients than the patients who had been recently transferred from other hospitals (Kluytmans et 
al., 1995).   
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All of the plates collected during the outbreak showed growth with over 100 CFU of 
MRSA each, compared to patients transferred from other hospitals with less than 5 CFU of 
MRSA per plate.  The investigators believed that the strain affecting the patients during the 
outbreak on the hematology ward had the ability to disperse into the air more readily than strains 
identified in patients coming from other hospitals.  Ten days after the first patient tested positive, 
MRSA began to spread to the other patients and staff on the hematology ward.  In an effort to 
control the outbreak, the hospital quarantined the infected patients outside of the hospital in an 
isolation facility.  The infected or colonized staff were treated and sent home until they no longer 
carried MRSA and the hematology ward was disinfected.  Patients remained in the isolation 
facility until they no longer carried MRSA.  The facility was closed when only one patient 
remained.  This patient was moved back into the hospital but kept under strict isolation.  A 
second outbreak occurred 22 weeks after the first patient was found with MRSA.  Environmental 
cultures revealed that a banana peeled by a hospital dietary staff member tested positive for 
MRSA.  All dietary workers were subsequently cultured for MRSA and one staff member was 
observed to carry the same strain that was isolated from the banana.  Upon further investigation 
it was revealed that this dietary worker had been working on the ward when the first patient 
cultured positive for MRSA.  The investigators postulated that the patient ate MRSA 
contaminated food and because this patient was severely immunocompromised and had been 
taking antacids a MRSA infection of the gastrointestinal tract was able to occur.  Once this 
infection was established, the patient would have become a disperser of MRSA.  The positive 
pressure room that the patient was in may have transferred MRSA through the air into the rest of 
the unit (Kluytmans et al., 1995).   
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During the first two years of operations at a hospital in Hong Kong 373 patients became 
colonized or infected.  The outbreak affected a special care baby unit (SCBU) and a burn unit 
(BU).  Farrington et al sampled hospital staff’s nares and hands for MRSA, settling plates were 
left out for two hours on the floors of busy wards and contact plates were used to sample 
surfaces.  Out of the 108 staff members in the SCBU sampled, nine showed evidence of 
colonization.  Six of the nurses turned out to be transiently colonized after working with MRSA 
patients; the remaining three had persistent hand and nasal carriage.  One of 50 environmental 
samples was positive for MRSA in the SCBU.  All of the 22 staff members on the BU were 
negative for MRSA carriage.  A sample from a nurse’s gown and settling plates both inside and 
outside of a patient room were positive for MRSA.  On the SCBU non-skin drying, alcohol based 
disinfectant use was implemented and persistent MRSA staff carriers were removed from duty.  
These methods reduced the rate of MRSA isolates observed.  On the BU, where there was 
evidence of airborne MRSA, however the control measures mentioned above failed to decrease 
the amount of MRSA isolates observed.  This led the investigators to postulate that any 
reductions achieved from increased hand hygiene was outweighed by the transmission of MRSA 
from the air and environment (Farrington, Ling, Ling, & French, 1990).  
Shiomori et al. conducted a study of airborne MRSA in three single patient rooms in an 
otolaryngology unit in Japan.  The patients in the three units were chosen because they all had 
been colonized or infected during their stay in the hospital.  Viable bioaerosol samples, using a 
6-stage viable impactor, were collected while the patients were at rest in their beds and again 
during linen changing.  Environmental sampling, using agar contact plates, was performed on the 
bed sheets, the floor and in sinks.  Sampling occurred weekly for three weeks.  Swab sampling of 
the patients’ hands was also performed.  MRSA CFU/m3 concentrations during the rest period 
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were 1.6, 2.4 and 1.2 for rooms 1, 2 and 3 respectively.  During bed making airborne MRSA 
CFU/m3 were 62.4, 73.4, and 58.5 for rooms 1, 2 and 3 respectively.  Twenty percent of the 
MRSA particles were in the respirable (<4µm) range during linen changing.  Mean total CFU/10 
cm2 on the bed sheets were 3.0, 3.2 and 3.3 for rooms 1, 2 and 3 respectively.  The mean total 
CFU/10 cm2 of the patient hands for rooms 1, 2 and 3 were 4.0, 3.7 and 8.3 respectively.  The 
investigators believe that MRSA became airborne during the bed making process which 
propagated the outbreak, revealing the importance of protecting patients and staff from aerosols 
during MRSA outbreaks (Shiomori, Miyamoto, & Makishima, 2001).   
Gehanno et al. performed a 6 month study involving 4 MRSA colonized patients and 20 
MRSA infected patients at a hospital in France.  Viable bioaerosol samples were taken in each of 
the 24 rooms at 0.5m, 1m and 2-3m away from the head of the patients.  All samples were 
collected in duplicate within 3 days of positive MRSA culture.  Control samples were collected 
in duplicate in three rooms of MRSA positive patients after the rooms had been cleaned and were 
ready for new admissions.  All of the control samples (n=6) collected were negative for MRSA.  
Of the 138 study samples, 68 had between 1 and 78 CFU.  MRSA was observed to be present in 
21 out of the 24 patients.  One or more strains isolated from the 21 room samples matched the 
MRSA strain the patient in the room was colonized or infected with.  In 13 of these 21, all strains 
identified in the sample matched the patients’ strain.  It was postulated by the researchers that the 
MRSA strains observed in the sampled room air originated from the colonized or infected 
patients (Gehanno, Louvel, Nouvellon, Caillard, & Pestel-Caron, 2009).    
Burn units and ICUs are not the only types of locations where evidence of airborne 
MRSA transmission exists.  Cystic Fibrosis (CF) is a disease involving a deterioration of lung 
function over time.  Zuckerman et al. conducted a pilot study of seven outpatient CF clinics 
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located in New Jersey, New York, Pennsylvania, New Hampshire, Maine and Vermont, USA 
that evaluated the transmission of MRSA from the CF patients into the environment of the clinic, 
including staff members’ hands.  Environmental samples were collected in 1,887 spots 
throughout the clinics, including viable bioaerosol samples.  The three categories of samples 
were pre-clinic, clinic-visit and post-clinic.  Pre-clinic and clinic-visit measurements consisted of 
viable air samples, surface swab samples and samples of staff hands before the patient was 
brought into the room.  Post clinic samples were surface swab samples taken after the patient had 
left the room, but before the room was cleaned and prepared for the following patient.  Of the 
605 pre-clinic samples, only 1 culture, a staff member's hand, was positive for MRSA.  None of 
the post-clinic samples were positive for MRSA.   Four of the clinic-visit samples were positive 
for MRSA including the hands of two patients, one exam room surface and one exam room air 
sample.  While these results are not overwhelming, they do point out the need for infection 
control and adequate surface decontamination between patients especially when patients are at 
increased risk of infection (Zuckerman et al., 2009). 
  While a new hospital building in Tokyo, Japan was being populated with patients Narui 
et al tracked changes in bacterial flora that occurred as patients were transferred from an existing 
building in Japan.  Surface and viable bioaerosol samples were collected in 60 locations in the 
new building.  The samples were collected once prior to opening the new building, once a week 
for the first month it was open, twice a month for the following two months,  monthly  during the 
next four months and then twice a month for the remainder of the study.  Of all the MRSA 
positive samples taken in the new building, 36.5% were observed in the air. In the existing 
building, air samples made up 18.2% of the total number of positive samples.  A total of 44 
isolates in the new building and 54 isolates in the existing building were observed.  Twenty-
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seven isolates from the new building were clonally related to 15 of the existing building isolates.  
Bacteria levels and species fluctuated and seemed to correlate with movement of staff and 
patients as well as the novel strains of bacteria brought into the new building from the 
community.  This finding led the investigators to determine that the bacterial flora of a hospital is 
correlated to the patients and staff inside (Narui et al., 2009).     
Wilson et al. evaluated the changes in the presence of MRSA during the initial 32 weeks 
of operation in a new ICU in Australia.  Before opening of the new unit, investigators observed 
an absence of MRSA in air and surface swab samples.  Viable bioaerosol air sampling was 
carried out in 6 locations for 80 days resulting in 480 samples.  Forty-six patients out of 714 
patients admitted to the ICU during the first 80 days of service tested positive for MRSA upon 
admission.  Seventeen additional patients tested positive for MRSA during the two weeks 
following their admission.  MRSA was detected on 39 (8.1%) of collected air samples plates.  
MRSA was only observed in air samples collected when one or more MRSA positive patient was 
on the ward.  Investigators reported a significant increase in MRSA positive air samples when 
with increasing numbers of MRSA positive patients on the ward.  Results from this study support 
airborne transmission as a mode of MRSA transmission (Wilson, Huang, & McLean, 2004).   
Sexton et al. evaluated non-ICU patients who tested positive for MRSA between 
admission and their first 48 hours as inpatients at a hospital in Dublin, Ireland.  Surface , settling 
plate and viable  air samples were collected in the rooms of 25 patients twice weekly for a 
month.  Sixteen of the patients were identified as colonized nasal carriers and the rest were 
infected with MRSA.  MRSA was observed on the 53.6% of the surface samples, 40.6% of the 
settling plates and 28% of the air samples.  The authors concluded that their results suggested 
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that the environment acts as a reservoir for MRSA and that there is the potential for airborne 
transmission (Sexton et al., 2006).   
Livestock-associated MRSA (LA-MRSA) can prove to be a problem for humans, both 
those who work with the animals and those who live near animal housing facilities.  Khanna et al  
observed that pigs are common carriers of MRSA and that they can transmit MRSA to humans 
working on farms (Khanna, Friendship, Dewey, & Weese, 2008).  Harper et al. conducted viable 
air sampling at 18 farms per state in Iowa, Ohio and Minnesota.  Antibiotics were used on 
animals in half of these farms and the other half were antibiotic free operations.  Preliminary 
results indicated no MRSA isolates in the antibiotic free farms, while 11% of the pigs housed in 
the confinement operations were positive for MRSA.  These studies are important because there 
is evidence that within these operations MRSA was isolated from the air (Smith et al., 2009).  
Air samples showed that MRSA was present in both respirable and non-respirable size particles.  
The highest concentration of airborne MRSA was inside the confined facilities.  Lower levels of 
airborne MRSA were observed outside of the facilities which could lead to airborne MRSA 
transmission to surrounding neighborhoods (Harper et al., 2010).     
3.2 Studies citing aerosolized MRSA from non-human sources 
 Wagenvoort et al. conducted a study in the Netherlands in 1992, of an ICU that was shut 
down due to a MRSA outbreak.  Three patients were observed to be colonized with identical 
strains of MRSA.  After the last patient was successfully decolonized, the ICU was thoroughly 
cleaned and reopened after surface, air and hospital staff samples were negative for MRSA.  One 
week after the ICU was reopened, two more patients tested positive for same MRSA strain 
responsible for the first outbreak.  Upon subsequent testing, hospital staff was negative for 
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MRSA.  The ICU was closed again and cleaned extensively with a phenolic solution and porous 
ceiling tiles were replaced.  Environmental cultures were taken in air ducts and MRSA was 
isolated from near the outlets that fed into patient rooms.  MRSA was also observed on the 
ventilation grille of a room where one of the MRSA patients from the previous outbreak had 
occupied.  This dust, accumulated while the previous patient occupied the room, may have fallen 
onto the current patient due to the hospital’s monthly emergency power-generating drills. These 
drills involve switching from the normal source of energy to a backup generator, creating a lapse 
in the continuous air supply.  Investigators believe negative pressure from the lapse caused 
MRSA laden dust to colonize or infect the patients beneath the air exhausts.  These results point 
to the importance of regular cleaning of duct work to remove dust that may harbor and transport 
pathogens (Wagenvoort, Davies, Westermann, Werink, & Toenbreker, 1993).   
 Kumari et al. performed a more recent evaluation of ventilation as a source of MRSA at a 
hospital in England by The first patient of the outbreak was extensively infected and MRSA was 
observed in her wounds, urine, nose, throat and perineum.  This patient had been transferred 
from a larger hospital seven days prior to her positive MRSA screening.  The second case of 
MRSA was observed in a patient who shared the same facilities as the index patient.  The 
hospital to which the patients were transferred isolated the MRSA patients, screened all the 
patients on the ward and restricted movement of hospital staff from the isolated wards to other 
wards in the hospital.  One week later two more patients were identified as positive for MRSA.  
These patients had no known contact with the index patient or the second patient.  This led the 
investigators to believe that the environment was the source of the MRSA.  Environmental 
sampling showed MRSA on each of the ventilation grilles that the four patients received air 
from.  The air duct system had not been cleaned since the hospital opened 9 years prior to the 
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outbreak.  This ventilation system was set to run intermittently after 4pm to save energy.  After 
the duct work was thoroughly cleaned no new cases of MRSA were reported.  Further 
investigation revealed that all 4 patients had the same strain of MRSA, supporting the case of a 
single source transmission.  Investigators postulated e that this particular strain of MRSA came 
from the index patient who was likely colonized before transfer.  The MRSA from the index 
patient was aerosolized and entrained into the ventilation system.  The intermittent running of the 
ventilation system created lapses pressure differentials leading to transmission to the other 3 
patients (Kumari et al., 1998).   
 Albrecht et al. evaluated MRSA transmission through forced air movement in operating 
rooms and hospitals in Minnesota, USA.  Forced air warming (FAW) is a method of keeping 
patients warm during surgery to reduce blood loss and shorten healing times (MacFie, Melling, 
& Leaper, 2005).  This study evaluated whether or not the filters in the FAWs operated with 
enough efficiency to prevent the spread of MRSA.  Internal surfaces of the air ducts and the 
intake filters were sampled with sterile swabs on 52 FAW blowers.  Microorganisms were 
cultured from 92% of the FAWs; MRSA was observed on 1.9% of the FAWs.  The efficiency of 
the intake filters was adequate in 47 of the FAWs.  The remaining 5 FAWs were in environments 
with higher concentrations of suspended particulates.  The investigators suggested that the 
environment a FAW draws from can affect the efficiency of the intake filter.  The buildup of dust 
on these filters not only lowers the efficiency but it also acts as a medium for microbial growth, 
including MRSA.  Regular cleaning and maintenance is recommended when using any type of 
forced air in a sterile environment or around vulnerable tissues (Albrecht, Gauthier, Belani, 
Litchy, & Leaper, 2010).   
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Shiomori et al. conducted an evaluation of airborne MRSA presence in relation to bed 
making activities in Japan. This evaluation included air samples collected at different times 
relative to the bed making activities.  Rooms of 10 infected and 3 colonized patients were 
sampled weekly for one month.  Three viable bioaerosol samples at specified distances from the 
bed were taken before, during, 15 minutes, 30 minutes and an hour after bed making.  The mean 
CFU/m3 in the infected patients' rooms before making the bed was 4.7 CFU/m3. The mean for 
the colonized rooms was 0.7 CFU/m3.  The means during bed making rose to 116 CFU/m3 in the 
infected rooms and 18.3 CFU/m3 in the colonized rooms.  The mean MRSA concentrations of 
samples taken 15 minutes after bed making were 29.6 CFU/m3 and 5.3 CFU/m3 for the infected 
and colonized rooms respectively.  By 30 and 60 minutes after the bed making the means were 
comparable to the before measurement.  Shiomori et al. concludedthat bed making can increase 
the concentration of MRSA particles in air and that it may have a role in airborne transmission 
(Shiomori et al., 2002).   
 Hall observed the generation of MRSA aerosols during dental procedures in which 
handheld dental equipment was used.  The results observed suggest that barrier precautions may 
not be sufficient protection from the aerosols created during dental procedures and that aerosols 
containing MRSA can be created during these procedures  (Hall, 2003).   
 Schultsz et al. concluded that ultrasonic nebulizers in a surgical intensive care unit 
(SICU) in Amsterdam were likely reservoirs of MRSA.  In early May of 2000, 1 patient was 
discovered to have MRSA.  Upon screening of all the patients in the SICU, investigators 
observed that 4 more patients were also positive for MRSA.  In mid May a temporary wall was 
constructed to isolate the patients who were positive for MRSA.  In July the outbreak was 
thought to be over so the wall was dismantled.  In August of the same year MRSA was again 
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observed in 1 patient.  All the patients were screened for MRSA again and 13 patients tested 
positive for MRSA on 3 different wards of the hospital, including the SICU.  Strict isolation was 
implemented for the MRSA patients.  A month after the isolation measures were taken another 
patient tested positive for MRSA colonization.  Two positive MRSA samples were observed in 
the dust on and in ultra-sonic nebulizers in the room.  Negative results from sampling the staff 
revealed that the environment was the most likely source of the MRSA affecting the wards.  
Schultsz et al. attributes the aerosol created by the nebulizers to be the transmission route in 
these epidemics (Schultsz et al., 2003).             
3.3 Studies discussing factors that may increase rates of MRSA dispersal 
Nasal carriage of MRSA by itself does not necessarily lead to environmental 
contamination.  Certain environmental and personal factors or characteristics such as being male, 
the presence of an upper respiratory infection, and large burns can increase the likelihood that a 
carrier sheds the bacteria at a higher rate than others (Bethune, Blowers, Parker, & Paska, 1965; 
Eichenwald, Kotsevlov, & Fasso, 1960).   
In a 1994 MRSA ICU outbreak, the temporal clustering of patient cases (n=8) and 
location of infection (respiratory tract) lead Sherertz et al. to conclude that the outbreak was due 
to a single source.  The majority (91%) of the hospital staff was tested for MRSA and, one was 
observed to be positive, a physician working on the ward.  Upon interview it was discovered that 
the physician had an upper respiratory tract infection during the time the patients became 
infected.  The physician had since recovered from the infection and was no longer shedding 
MRSA.  To test the effects of an upper respiratory infection on shedding of MRSA the physician 
was experimentally infected with a rhinovirus.  The physician participated in 17 personal air 
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samples in a 20x16x8ft room.  This included both settling plates and volumetric air samples for 
one hour periods.  The samples taken before the physician was infected had half as many 
organisms as the samples taken during his active viral infection.  It was later discovered that six 
of the eight patients who became infected with MRSA had the same strain that the physician was 
carrying.  This led the investigators to believe that the physician was the source of the outbreak 
and that airborne transmission may have contributed to the epidemic (Sherertz et al., 1996).   
3.4 Studies containing suggested methods of airborne MRSA control 
 Moore et al. conducted an assessment of 3 temporary isolation units, most frequently 
used for MRSA patients in London, England.  The systems were tested for efficiency in isolating 
patients, ease of hand hygiene upon entering, hospital staff acceptability, and patient 
acceptability.  The 3 systems consisted of a temporary side room (TSR), glass liquid crystal 
display (LCD) screens, and a KwickScreen.  The TSR consisted of an aluminum frame that was 
covered with clear plastic sheets.  At the one end of the TSR was an adapter meant to seal to a 
wall, and at the other end there was a HEPA filtered air curtain.  The KwickScreen was a frame 
with a retractable plastic screen that could be extended up to 4 ft.    Average hand hygiene of the 
staff went from a baseline of 56.6% washing hands upon entry or exit increased to 66.6% for the 
TSR, 80% for the glass LCD, and 72.2% for the KwickScreen. Viable bioaerosols sampled from 
46 rooms showed very little difference in the amount of MRSA inside the room when compared 
to outside of the room in TSRs and the glass LCD.  The benefit of using these types of systems is 
that it appears to increase the hand hygiene practices of the hospital staff, but actual isolation 
rooms are much more effective at true isolation (Moore et al., 2010). 
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 These results are supported by the efficacy of control measures taken in a study assessing 
the epidemiological behavior of a MRSA by Bernards et al in a Dutch Hospital.  Private rooms 
with antechambers and controlled negative air ventilation proved to be the most effective method 
of isolation (Bernards et al., 1998).   
 When isolation is not a feasible option, HEPA filtration devices have been shown to 
reduce airborne MRSA.  Boswell et al. used settling plates to evaluate air contamination with 
MRSA in three rooms while a HEPA filtration device was turned on and when it was turned off.  
Settling plates were exposed for 1.5 to 8 hours.  The 4 flow rates used were 60 m3/h, 95 m3/h, 
140 m3/h and 235 m3/h.  Patients in each room were observed to be heavy dispersers of MRSA.  
When the HEPA device was turned off 80-100% of plates showed presence of MRSA.  At flow 
rates of 235m3/h and 140 m3/h between 0 and 70% of plates showed growth.  A significant 
reduction in MRSA presence on the settling plates correlated with a higher flow rate.  The 
investigators observed that HEPA filtration in a room decreased the rate of MRSA settling on the 
plates by 75 to 93% (Boswell & Fox, 2006).   
 In a study quantifying the affect of antimicrobial essential oil vapors, Doran et al. 
observed that a BioScent vapor reduced MRSA growth by 38%.  Agar plates inoculated with 
MRSA were exposed to the BioScent vapor for 20 hours and in a 64L, airtight box.  The major 
components of the vapor were limonene, α-pinene, β-myrcene, camphene and 2-carene (Doran, 
Morden, Dunn, & Edwards-Jones, 2009).   
3.5 Study determining sampling procedure 
 Because the environment, specifically the air, is an important source of MRSA, care 
should be taken when choosing how to sample; actively or passively.  Volumetric air sampling 
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and viable bioaerosol sampling both use pumps that actively draw air over media.  With 
volumetric sampling the medium is a mesh or cloth filter that collects what is suspended in the 
air as it is drawn through the filter.  The filter is weighed before and after the sampling to 
determine the mass of particulates collected.  Viable bioaerosol sampling is sampling that is done 
onto a growth medium which is then allowed to incubate.  Settling plates are a method of passive 
sampling.  These plates contain growth media and are uncovered and placed on the surface to be 
sampled.  Suspended particles settle on the plate which is left exposed for a predetermined length 
of time and then allowed to incubate.  Active methods of sampling provide more quantifiable 
data while the passive settling plates provide a more representative depiction of how the particles 
settle out of the air and onto a surface (Weese, 2007).   
SECTION 4: DISCUSSION 
 Interestingly, 9 of the articles included in this review were published 10 or more years 
ago (Table 1).  Evidence citing airborne MRSA transmission was collected as early as 1976 
(Crossley et al., 1979).  This signifies the length of time that investigators suspected that 
aerosolized MRSA was a feasible airborne transmission route.  There were 12 articles published 
in the last 5 years.  This may be an indicator of increasing interest in quantifying airborne 
transmission rates during MRSA outbreaks.  This also may be a result of the increasing 
frequency of such MRSA outbreaks (Klevens et al., 2006).  The high cost of these outbreaks to 
healthcare facilities may be another factor in the amount of new publications coming out.  A 
study involving 55 US hospitals, including 1,355,347 admissions, reported that the average cost 
to a hospital was $12,197 per infection (Kilgore et al., 2008).  A European technical report stated 
that in the European Union MRSA infections accounted for an extra 1,050,000 days spent in the 
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hospital in 2007 accounting for an annual cost of €380 million ($505,590,000 US)(European 
Centre for Disease Prevention and Control, 2009). 
 This increasing frequency of MRSA outbreaks highlights the need for effective 
prevention and response techniques in controlling the spread.  In some of the studies included in 
this review general hand hygiene marginally improved conditions on the affected wards.  Using 
temporary isolation rooms, HEPA filters, and essential oils were some of the methods 
successfully used to decrease the amount of aerosolized MRSA in the environment.  In the 
majority of the cases however strict isolation, including negative pressure rooms with 
antechambers, was the most effective way to halt the outbreak.   
 The need for personal protective equipment (PPE) in healthcare is evident.  Gloves, 
gowns, eye shields and many other types of PPE protect both the patients and the healthcare 
workers themselves (OSHA, 1996).  These precautions may not protect against airborne MRSA 
landing on or being inhaled by the healthcare worker.  Further literature in this area is warranted.   
 In general the articles included in this review show a glaring lack of airborne and droplet 
precautions in the healthcare environment.  One can assume that even fewer of these precautions 
exist in the community where strains of community associated MRSA is becoming more and 
more common (Fridkin et al., 2005).   
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Table 1. List of articles included in review (n=26) 
Lead Author Year Article Title 
Albrecht, M 2010 Forced-air warming blowers: An evaluation of filtration adequacy and airborne contamination emissions in the operating room 
Bernards, A. 1998 Methicillin-resistant Staphylococcus aureus and Acinetobacter baumannii: an unexpected difference in epidemiologic behavior. 
Boswell, T. 2006 Reduction in MRSA environmental contamination with a portable HEPA-filtration unit. 
Crossley, K. 1979 An outbreak of infections caused by strains of Staphylococcus aureus resistant to methicillin and aminoglycosides. II. Epidemiologic studies. 
Dansby, W. 2008 Aerosolization of methicillin-resistant Staphylococcus aureus during an epidemic in a burn intensive care unit. 
Doran, A. 2009 Vapour-phase activities of essential oils against antibiotic sensitive and resistant bacteria including MRSA. 
Farrington, M. 1990 Outbreaks of infection with methicillin-resistant Staphylococcus aureus on neonatal and burns units of a new hospital 
Gehanno, J. 2009 Aerial dispersal of meticillin-resistant Staphylococcus aureus in hospital rooms by infected or colonised patients.  
Hall, D. 2003 Methicillin-resistant Staphylococcus aureus and infection control for restorative dental treatment in nursing homes. 
Harper, A. 2010 An overview of livestock-associated MRSA in agriculture 
Kluytmans, J. 1995 Food-initiated outbreak of methicillin-resistant Staphylococcus aureus analyzed by pheno- and genotyping. 
Kumari, D. 1998 Ventilation grilles as a potential source of methicillin-resistant Staphylococcus aureus causing an outbreak in an orthopaedic ward at a district general hospital. 
Moore, G. 2010 Ward assessment of SmartIdeas Project: bringing source isolation to the patient. 
Narui, K. 2009 Change in environmental bacterial flora in a new hospital building.  
Perdelli, F. 2008 A new microbiological problem in intensive care units: environmental contamination by MRSA with reduced susceptibility to glycopeptides. 
Rutala, W. 1983 Environmental study of a methicillin-resistant staphylococcus aureus epidemic in a burn unit. 
Schultsz, C. 2003 Ultra-sonic nebulizers as a potential source of methicillin-resistant Staphylococcus aureus causing an outbreak in a university tertiary care hospital. 
Sexton, T. 2006 
Environmental reservoirs of methicillin-resistant Staphylococcus aureus in 
isolation rooms: correlation with patient isolates and implications for hospital 
hygiene. 
Sherertz, R. 1996 A Cloud Adult: The Staphylococcus aureus-Virus Interaction Revisited 
Shiomori, T. 2001 Significance of airborne transmission of methicillin-resistant Staphylococcus aureus in an otolaryngology-head and neck surgery unit 
Shiomori, T. 2002 Evaluation of bedmaking-related airborne and surface methicillin-resistant Staphylococcus aureus contamination. 
Wagenvoort, J. 1993 MRSA from air-exhaust channels 
Weese, J. 2007 Environmental surveillance for MRSA 
Wilson, R. 2004 The correlation between airborne methicillin-resistant Staphylococcus aureus with the presence of MRSA colonized patients in a general intensive care unit. 
Zuckerman, J. 2009 Bacterial contamination of cystic fibrosis clinics 
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CHAPTER II 
Evaluation of the Presence Airborne Methicillin-Resistant Staphylococcus aureus and Gram 
Positive Coagulase Negative Staphylococcus species in Philadelphia Area Homes   
 
Abstract 
Antibiotic resistance has been a concern in the treatment of infectious disease since the 
introduction of antibiotics.  Strains of methicillin-resistant staphylococcus bacteria were reported 
within a year of methicillin’s introduction.  By the 1980s these infections were becoming 
resistant to multiple antibiotics traditionally used in their treatment.  Staphylococcus aureus and 
Gram Positive Coagulase Negative Staphylococcus species with methicillin resistance are 
increasingly being seen in hospitals and even in some communities.  Data from air samples, 
nasal swabs and a brief medical and behavioral questionnaire from 14 residences were used to 
analyze the amount of methicillin-resistant Staphylococcus species present in residential 
environments.  It was determined that a significant number of Staphylococcus species with 
methicillin resistance are present in Philadelphia, PA area homes.  This finding suggests that 
residential air may be a source of not only multiple Staphylococcus species, but Staphylococcus 
species with antibiotic resistance.    
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SECTION 1: INTRODUCTION 
1.1 Antibiotic Resistance: 
Antibiotic resistance has been a concern in the treatment of infectious disease since the 
introduction of antibiotics.  Strains of methicillin-resistant Staphylococcus aureus (MRSA) were 
reported within a year of methicillin’s introduction (Wiley, 2008).  By the 1980s S. aureus 
infections were becoming resistant to multiple antibiotics traditionally used in their treatment.   
The use of antibiotics applies selective pressure on the infectious bacteria that results in either 
successful adaptation or evolutionary failure.  In the case of S. aureus, penicillins became 
ineffective when the bacteria developed a resistance to β-lactams.  β-lactams are in all penicillins 
and are used to block the final step in peptidoglycan synthesis in bacteria.  Without a way to 
complete this process, the bacteria cannot complete cell wall synthesis and cannot continue 
reproducing.  This resistance was due to an enzyme in the bacteria called β–lactamase.  β-
lactamases are what the bacteria use to block the binding of β-lactams during cell wall synthesis.  
In response to this, β-lactamase inhibitors were added to the traditional antibiotic therapies to 
block β–lactamase actions.  Resistance to methicillin by S. aureus was due to the bacteria’s 
adoption of a gene called the mecA gene.  The mecA gene gives the bacteria the ability to block 
any β-lactams, such as methicillin and its derivatives, from even entering the cell (Wiley, 2008).  
Resistance to methicillin is not only found in Staph. aureus.   A 2001 study involving 6,350 
isolates of coagulase negative Staphylococcus species (CoNS) from 5 countries observed that 
over 70% of the isolates showed a resistance to methicillin (Diekema et al., 2001).   
Co-infection with coagulase negative and positive Staphylococcus species is significant 
for many reasons.  This includes the clinical aspects of treating an infection involving multiple 
causative organisms but also in a wider public health sense of transferring antibiotic resistance, 
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specifically to β-lactam antibiotics, between Staphylococcus species.   The gene that codes for 
such resistance is called the mecA gene.  This gene is located within a staphylococcal cassette 
chromosome.  Evidence exists of horizontal transfer, from one species to another, of the mecA 
cassette from CoNS to Staph. aureus (Katayama, Ito, & Hiramatsu, 2000).  It has been proposed 
that coagulase negative and coagulase positive Staphylococcus species may be “feeding from the 
same gene pool” (Hanssen, Kjeldsen, & Sollid, 2004).  In other words, CoNS may be a reservoir 
from which Staphylococcus aureus obtains antibiotic resistance.   
It was observed in 1986 that CoNS had acquired resistance to glycopeptide antibiotics 
(Bene, Joseph, Twitty, & Lewis, 1986), the first to be observed (Biavasco, Vignaroli, & Varaldo, 
2000).  In light of evidence suggesting that CoNS may be a reservoir for antibiotic resistance, 
this is significant because glycopeptides are the class of antibiotics that have been commonly 
used to treat methicillin-resistant staphylococcus infections (Biavasco et al., 2000).   
CoNS are part of the natural flora of human skin and mucous membranes (Mandell, 
Bennett, & Dolin, 2010).   This ubiquity can contribute to misinterpretation of blood cultures 
(Souvenir et al., 1998; Bates, Goldman, & Lee, 1991).  Presence of CoNS in blood cultures can 
be interpreted, correctly or incorrectly, as an infection or as contamination of a sterile culture.  If 
a culture has simply been contaminated but is diagnosed as a BSI, a therapeutic course of 
antibiotics increases not only the cost of treatment but also contributes to the overuse of 
antibiotics.  If a positive culture is in fact a BSI, but is diagnosed as contamination it can be 
disregarded and the infection would remain untreated.  Misinterpretations such as these can add 
thousands of dollars in unnecessary healthcare costs (Souvenir et al., 1998; Bates et al., 1991).     
 
1.2 Transmission: 
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Traditionally the spread of MRSA was thought to occur between colonized, often 
transiently, hospital staff and their patients (Thompson et al., 1982).  Recently however, there 
has been growing evidence that the environment plays a large part in acting as a reservoir of 
MRSA and that airborne transmission should not be overlooked (Sexton et al., 2006).   
According to the National Nosocomial Infections Surveillance (NNIS) System, the 
leading cause of bloodstream infections (BSI) are CoNS (NNIS, 2004; 2004).  Infections with 
CoNS are usually associated with foreign bodies such as an indwelling catheter or an artificial 
joint inside the body.  These infections are also common among those with endocarditis, an 
inflammation of the heart valves commonly found in injection drug users and others with 
compromised immune function (NNIS, 2004).  The source of CoNS involved in these infections 
is thought to be from the patients’ own skin (Viagappan & Kelsey, 1995).   
1.3 Specific Aims 
The purpose of this research was to assess the levels of Methicillin-resistant 
Staphylococcus aureus (MRSA) and Methicillin-resistant coagulase negative Staphylococcus 
species (MRCoNS) in the air of residential kitchens.  Additionally, data was collected to assess 
relationships between resident and residence characteristics and the presence of these organisms.   
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SECTION 2: METHODS 
Data for this research was collected in volunteer participant homes.  Participants were 
recruited through the posting of flyers in Drexel University Buildings.  The research protocol 
consisted of one visit to each participant residence.  During the visit air sampling for bacteria 
was performed, a questionnaire was administered, and participant nasal swabs were collected.  In 
addition to the individual responding to the flyer, any adults 18 years of age or older living in the 
residence were eligible to participate if interested.  Air sampling onto mannitol salt agar (MSA) 
was performed in the homes of 25 individuals.  Air samples were also collected onto Oxacillin 
Resistant Staphylococcus aureus Base (ORSAB) in 9 of the homes in the Philadelphia 
metropolitan area.  MSA is bacterial growth media that is selective for Staphylococcus spp. S. 
aureus colonies are identified by the yellow halo around them.  S. aureus growth on the ORSAB 
media is characterized by the appearance of a blue colony.  S. aureus ferments mannitol which 
results in the normally red media turning yellow.  Other Staphylococcus species do not ferment 
mannitol and do not have the yellow halo around their colonies (see Figure 1).   
Air samples were collected using two 400 hole Biostage Bioaerosol impactors (SKC Inc., 
Eighty Four, PA) in the kitchens of study residences.  Sampling times ranged from 3 minutes to 
5 minutes.  A total of 6 to 8 plates were collected at each residence.  Samples were collected in 
pairs with two samples collected side by side simultaneously (see Figure 2). 
Two samples were collected onto MSA without oxacillin and 4 samples were collected 
onto MSA with 2 milligrams per liter (mg/L) of oxacillin.  Two samples were collected onto 
ORSAB media.  Oxacillin, which is in the same class of drugs as methicillin, is used to identify 
MRSA, because methicillin is no longer commercially available in the US and the greater 
stability of oxacillin during storage.  Sample agar plates were transported to the laboratory within 
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3 hours of collection and incubated at 35oC.  Plates were observed and colonies counted at 24, 48 
and 72 hours.  Colonies growing on MSA with oxacillin and ORSAB were isolated and gram 
stained.  Gram positive cocci were then coagulase and latex agglutination tested using the 
Staphaurex* test kit (Remel Europe Ltd.).  Staphaurex* contains latex particles coated with 
fibrinogen and Immunoglobulin G (IgG) which react with the bound coagulase and protein A 
respectively.  The bound coagulase enzyme is found in 97% of Staphylococcus aureus organisms 
and the protein A in 95%.   
A behavioral and limited medical history survey created for this research was given to 
each resident.   The survey consisted of questions about food preparation, kitchen trash storage, 
current use and/or history of antibiotic therapy, history of illness, presence of pests or pets, 
occupation and residence location for the previous 3 months.  The participant initially responding 
to the recruitment flyers completed the survey.  The survey instrument is included as an appendix 
to this report.  Following administration of the survey, a nasal sway was collected from all 
individuals 18 years of age or older residing in the residence who were interested in participating 
in the study.  The swabs were collected using a BBL™ CultureSwab™#220099 (Liquid Stuart-
single swab, plastic shaft).  Swabs were eluted in 1 mL of sterile phosphate buffered saline (PBS) 
and vortexed for 30 seconds at 1350 revolutions per minute (RPM).  One microliter of the 
vortexted suspension was plated onto MSA with 2 mg/L of oxacillin.  Plate incubation and 
observation was identical to the air samples.   
The following criteria was used for a positive identification of MRSA: a positive 
Staphaurex* test result, an observed yellow halo around the colony if grown on MSA, a blue 
colony if grown on ORSAB and be Gram positive cocci.    
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The definition of MRSA carriage in this study was identical to the CDC definition.  The 
CDC defines carriage as the presence of the organism on or in the body with no resulting illness 
(CDC, 2010).   
This research was approved by the Drexel University Institutional Review Board and 
informed consent was obtained from all participants prior to any data collection.   
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SECTION 3: RESULTS 
Bacterial air sampling results were lognormally distributed and as a result geometric 
means and natural logs of concentration values were calculated (Table 1). As expected there 
were fewer colonies observed on the oxacillin containing MSA than on the non-antibiotic 
containing MSA.  Although concentrations of antibiotic resistant organisms observed were 
relatively low, they were commonly observed with only 2 residences having no growth on any of 
the 4 air sampling plates containing oxacillin.  A total of 31 participants had nasal swabs 
collected.  Of these, 3 (9.7%) were observed to be nasal carriers of MRSA.    
Figures 3 displays a graphical comparison of the concentrations observed for bacteria 
grown on antibiotic containing and non-antibiotic containing growth media by study residence.   
Table 2 lists the average concentrations (CFU/m3) in each residence observed on MSA with and 
without oxacillin.  Table 3 displays comparison of both antibiotic resistant bacteria (MSA w/OX) 
and total bacteria (MSA no OX) by resident characteristics and behaviors.  Additionally, to 
evaluate the relationship between antibiotic resistant and total bacterial concentrations, the ratio 
of resistant to total (OX/no OX) was evaluated (Tables 2 and 3).  Minimum, maximum and 
percentile ranks for OX/no OX were also calculated (Table 4).    
Sample participants consisted of Drexel University affiliated persons living in or near 
Philadelphia, Pennsylvania.  Ages ranged from 22 to 58 with an average age of 27.6 (standard 
deviation 7.6).  The majority of the residents (n=23) lived in an urban environment.  No samples 
were collected from rural settings and 2 samples were collected from the suburbs of 
Philadelphia, PA.  Six residences were reported as houses while the remaining residences (n=19) 
were reported at apartments.  Four of the 25 residents reported owning one or more dogs or cats.  
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Two of the residents reported spending one or more nights in the hospital and 3 reported having 
been on antibiotics within the previous 3 months.  None of the residents reported use of 
antibiotics at the time of the survey.  All of the participants had a trash can 
 in their kitchens.  The trash cans were located in a closet (n=1), under the kitchen cabinet 
(n=6), on the kitchen floor (n=18), or hanging from the kitchen cabinet (n=1).  Seventeen of the 
residents had lids on their trash cans and the remaining 8 residents did not use a trash can with a 
lid.   
Participants reporting a cough in the previous 3 months and those reporting more than 2 
people living in their household had on average more observed bacterial colonies, with and 
without antibiotic resistance.  Higher concentrations of antibiotic susceptible colonies were seen 
more frequently with the presence runny nose, not working or volunteering at a hospital and 
preparing beef 2 to 3 times per week.  Higher concentrations of antibiotic resistant colonies were 
seen more often with the presence of females, presence of a runny nose or cough, preparing beef 
2 to 3 times per week and lack of a lid on the kitchen trash can.  Concentrations of resistant 
colonies were similar in households regardless of work or volunteering at a hospital and little 
difference was seen in the frequency of chicken prepared (Table 3).  When comparing the ratio 
of resistant colonies to susceptible colonies, higher concentrations were observed with report of 
runny nose, number of people in household, cough, hospital work, preparing beef 1 or less times 
per week, preparing chicken 2-4 times per week and a lid on the trash can (Table 3).  Differences 
in bacterial growth by number of residents, humidity and temperature in each household can be 
seen in Figures 4 through 6.    
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MRSA colonies were observed in 9 (36%) out of the total 25 residences on MSA and/or 
ORSAB media.  Five residences (20%) had MRSA on both the MSA and ORSAB media.  
Colony morphology, Gram staining, latex agglutination and coagulase testing was used to 
determine presence of S. aureus.   
The ratio of resistant colonies to susceptible colonies was slightly higher in houses with 
MRSA than in houses where no MRSA was detected (Table 5).  The average number of people 
living in homes with MRSA was 2.34 as compared to 2.13 in homes with no detected MRSA.  
The percentage of residents who reported living in a house, as opposed to an apartment, was 45% 
in those with MRSA and 12.5% in residences with no detectable MRSA.  History of antibiotic 
use was reported by 33% of the residents in homes with detected MRSA, while none of the 
residents living in the homes without MRSA reported antibiotic use.  Residents reporting runny 
nose or cough in homes with MRSA made up 89% and 67% respectively.  In homes with no 
detected MRSA 56% of the residents reported having a runny nose and 38% reported a cough 
within the past 3 months.  Seventy-eight percent of the homes with MRSA and 88% of the 
homes without MRSA reported preparing meat.  Beef and chicken were prepared in similar 
frequency in both types of residences.  Pork was prepared twice as often in homes with MRSA 
when compared to homes without MRSA (Table 6).   
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SECTION 4: DISCUSSION 
 Antibiotic resistant bacteria were found in many of the residences sampled.  MRSA 
specifically was found in 36% of the sampled homes.  These findings are consistent with other 
published pilot work (Perez et al., 2011).   
The increased ratio of resistant colonies to susceptible colonies in houses with more 
people and in homes where the occupants spend time in hospitals may offer support to the 
conclusion that humans act as a reservoir of MRSA.  Presence of a runny nose and cough 
provide further support for this based on the “cloud adult” theory which states that people with 
an upper respiratory irritation or infection shed more bacteria than those without the irritation 
(Sherertz et al., 1996).   
 Fewer isolates of methicillin resistant bacteria in beef than in chicken have been observed 
in other studies.  Chicken and pork frequently has more contamination than beef products (de 
Boer et al., 2009).  The frequency of pork preparation per week seemed to be consistent with 
those findings.  The case of the absence of a trash can lid being observed with higher levels of 
methicillin resistant bacteria could be due to contamination of a trash can lid that has to be 
opened and closed with dirty hands during use.  The act of the lid closing or opening quickly 
may also produce bioaerosols that are not present if the lid is not moved.   
 The finding of 3 nasal carriers of MRSA (9.7%) is significant in light of the CDC 
reporting that only 1% of people are nasal carriers of MRSA (NIOSH, 2010).   
The presence and characterization of MRCoNS is also limited to identification of 
Staphylococcus species.  Other species identification is beyond the scope of this project.  There 
is no way to more specifically identify without the use of genetic testing.   
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 The findings of this research support the continued research of residential sources of 
methicillin resistant Staphylococcus species.  Predictors such as the ones used in the 
questionnaire are of special interest.  This is because these predictors may help clinicians and 
public health professionals estimate the risk of methicillin resistant of residential exposure to 
Staphylococcus species such as MRSA and MRCoNS.   
 The lack of statistical significance observed in this study could be contributed to the 
small sample size.  The results presented support the continuation of research on airborne MRSA 
and MRCoNS.   
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Appendix A: Tables and Figures 
Figure 1. a.) Mannitol Fermenting Colonies Growing on MSA,  
b.) S.aureus colony growing on ORSAB 
 
 
 
Figure 2. Bioaerosol Impactors During Sample Collection 
 
 
 
 
 
 
 
Table 1. Summary of Air Sampling Results by Media Type (Oxacillin/no Oxacillin) 
Media Type Number of side by side samples 
Arithmetic Mean Bacterial 
Concentration (CFU/m3) GM (GSD) 
Min 
(CFU/m3) 
Max 
(CFU/m3) 
MSA no OX 23 325 4.4 (1.7) 0 660 
MSA w/OX 50 44 2.1 (1.7) 0 85 
  
a b 
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Figure 3. Natural log of average concentrations of bacterial growth with and without oxacillin in 
each residence 
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Table 2. Average Concentrations on Media with and without Oxacillin 
ID Average Concentration 
MSA no OX (CFU/m3) 
Average Concentration 
MSA w/ OX (CFU/m3) 
𝑀𝑆𝐴 𝑤 𝑂𝑋
𝑀𝑆𝐴 𝑛𝑜 𝑂𝑋 
1 28.3 0.0 0.0 
2 - 23.6 - 
3 - 23.6 - 
4 0.0 0.0 0.0 
5 5.9 2.9 0.5 
6 282.7 8.8 0.0 
7 247.3 0.0 0.0 
8 229.7 2.9 0.0 
9 630.2 11.8 0.0 
10 7.1 0.0 0.0 
11 77.7 1.8 0.0 
12 98.9 67.1 0.7 
13 371.0 45.9 0.1 
14 272.1 17.7 0.1 
15 77.7 24.7 0.3 
16 81.3 14.1 0.2 
17 282.7 42.4 0.2 
18 49.5 38.9 0.8 
19 91.9 49.5 0.5 
20 173.1 21.2 0.1 
21 130.7 7.1 0.1 
22 371.0 17.7 0.0 
23 159.0 7.1 0.0 
24 360.4 155.5 0.4 
25 35.3 3.5 0.1 
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Table 4 Minimum, maximum and percentile rank for (MSA w OX)/(MSA no OX) 
Min 0 
25th % 0 
50th % 0.05 
75th % 0.15 
Max 0.86 
 
  
Table 3. Differences in average microorganism concentrations based on participant characteristics and 
behaviors 
 n Average Concentration MSA No Ox (cfu/m3) 
Average Concentration 
MSA w/OX (cfu/m3) 
OX/no 
OX 
Runny Nose         
   Yes 16 140.09 27.72 0.21 
   No 9 245.29 16.03 0.07 
          
Cough     
  Yes 12 148.02 26.75 0.19 
  No 13 207.95 20.52 0.18 
     
Work/Volunteer at a Hospital         
   Yes 10 132.97 22.03 0.233 
   No 15 204.78 24.50 0.151 
          
Number of times beef is 
prepared/week 
        
   0-1 18 140.44 19.53 0.20 
   2-3 7 279.35 33.74 0.14 
          
Number of times chicken is 
prepared/week 
        
  0-1 17 191.96 23.70 0.20 
  2-4 8 148.41 23.12 0.16 
     
Number of people living in 
household     
1-2 18 169.17 20.32 0.134 
3 or more 7 193.84 31.72 0.296 
     
Lid on Trash Can     
Yes 17 167.96 18.29 0.20 
No 8 193.02 34.60 0.16 
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Figure 4. Natural log of average concentrations of bacterial growth with and without antibiotics 
by number of household residents 
 
Figure 5. Natural Log of average concentrations of bacterial growth on media with and without 
antibiotics by Relative Humidity level 
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Figure 6. Natural Log of average concentrations of bacterial growth on media with and without 
antibiotics by Temperature (°C) 
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Table 5. Differences in average microorganism concentrations based on Detection of MRSA 
 n Average Concentration 
MSA no OX (cfu/m3) 
Average Concentration 
MSA w/OX (cfu/m3) 
OX/no OX 
MRSA Detected 9 167.84 24.60 0.17 
No MRSA Detected 16 181.39 20.91 0.15 
 
 
Table 6. Differences in participant characteristics and behaviors based on 
Detection of MRSA 
 MRSA Detected No MRSA Detected 
Average number of people living in 
household 
2.34 2.13 
Percentage of residents living in a 
House 
45% 12.50% 
History of antibiotic use within 
previous 3 months 
33% 0% 
Percentage of residents with a 
runny nose 
89% 56% 
Percentage of residents with a 
cough 
67% 38.00% 
Percentage of homes with a lid on 
trash can 
67% 69% 
Percentage of households that 
prepare meat 
78% 88.00% 
Average number of times beef is 
prepared/week 
1 1.125 
Average number of times chicken 
is prepared/week 
1.11 1.19 
Average number of times pork is 
prepared/week 
0.667 0.313 
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